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Introduction

- The primary task of an engine control system is
to deliver the guaranteed performance while
ensuring safe operation throughout operating
envelope over the life of the engine

- Guaranteed performance is defined as meeting
the FAA certification requirements for engine
responsiveness — maximum allowed 95% rise
time for idle to max thrust command
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Baseline Control Archltecture
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Engine Response with Baseline Control
« C-MAPSS40k Full throttle burst at sea-level
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static conditions with an end-of-life engine
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Acceleration limit regulator is
active immediately even though it
is far from the limit - Conservative
Response
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Nation

Is the Conservative Response an issue?
« No:
* Not during normal flight as long as it meets the
FAA response requirements

 Yes:

* On aircraft where primary flight control
surfaces are damaged (e.g. UAL 232, Bagdad
DHL, AA 587)

* On aircraft with integrated flight/propulsion
control

- Can we improve the engine response while
maintaining the current architecture?
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The Case for Conditionally Active Limit

Regulators
- The baseline Min-Max selection control
approach is inherently conservative

 Every limit regulator is capable of limiting fuel
flow to engine — regardless of proximity to
current limit

» Depending on how the individual Pl regulators
are tuned, the regulator may intervene when
there is no danger of a limit being violated

- To reduce conservatism, limit regulators
should become active only when a limitis in
“danger” of being violated.
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Conditionally Active Limit Regulators

» For operation with reduced conservatism while
still ensuring safety, following two criteria must
both be satisfied to enable a limit regulator:

1) The regulated variable must be “close” to the
specified limit

2) The rate of change of the regulated variable is
such that the regulated variable will reach the
limit within a specified number of contro
update time steps
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Conditionally Active Limit Regulators

- The conditions for the limit regulator to be

active can be stated as:
For a maximum limit variable y; with limity, .:

Y1 2 (L—0ty) * Y ax

d

Y1+E Vi *#B1 *AT 2 Y1 max

where a, and B, are positive design parameters

- Similar equations can be developed for
minimum limit variables
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Conditionally Active Limit Regulators
Graphical interpretation:

. Criteria 1is ™™
satisfied at t,

- Criteria 2is e
satisfied at tg v,

« Therefore the

limit regulator t+B,°AT t
is enabled at tg N AN
t t L tB+Bl*AT
t
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CA Architecture Modification
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Choice of CA Design Parameters

- We currently do not have an analytical
approach to selecting the CA limit regulator
design parameters a and 3

- The CA parameters are tuned empirically

- oo value selected first to ensure limit is not violated
for operation under worst case conditions

- With a fixed o, the B value is selected to provide
fastest possible response without violating limit

- Numerical optimization algorithm has been
developed
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Simulation Results
 Full throttle burst at sea-level static conditions
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Simulation Results
- Case when a limit (Nc) is reached
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Conclusions

- The use of properly tuned Conditionally Active
limit regulators can improve the engine
response without compromising safety

» This approach should simplify the tuning and
validation of the limit regulator gains as the
regulators are only active in a small number of
possible cases

- The CA limit regulator does not require
modifications to any other aspect of the well
established control architecture
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Future Work

- Formulate the CA limit regulator approach in a
proper mathematical framework

- Investigate development of analytical approach
to determining the CA desigh parameters so as
to satisfy performance and safety requirements
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